primary treatment in approximately 90% of cases, while surgical resection of the affected sternocleidomastoid muscle (SCM) is recommended for resistant cases (i.e., no response or improvement after at least 6 months of physiotherapy) [3, 7] .
In this study, we analyzed various clinical factors in patients with CMT who were treated with surgical resection. Numerous studies have explored the causes of CMT, but no definitive causes have been established. Therefore, we investigated the cause of CMT in patients with severe CMT that required surgery, and sought to identify different possible causes of CMT from those that were proposed in previous studies.
METHODS

Patients
In total, 584 patients who underwent surgical intervention for CMT from October 2007 to December 2016 were included in this study. The indications for surgery were over 10° deficits in passive neck rotation and lateral flexion of the neck for more than 6 months despite physiotherapy. Additionally, palpation of a hard band on (passive) lateral flexion to the contralateral side was personally used as a diagnostic criterion by the senior author. Age over 3 years should be strongly considered as an important factor in the decision regarding whether surgery is indicated. Surgery performed later than 3 to 4 years of age cannot guarantee symmetric growth of the face [8] . The demographic characteristics studied were sex and birth order. The birth-related factors studied were gestational age, multifetal pregnancy, birth weight, delivery method, presence of dystocia, presentation of the fetus, amount of amniotic fluid, health status during pregnancy, perinatal disease, and complications related to birth.
The clinical features of CMT studied were age at the time of diagnosis and surgery, reoperation, the presence of a bulky specimen, age at the beginning of physiotherapy, and total treatment time. We reviewed patients' medical charts to collect these data and interviewed the patients or their guardians to obtain missing data.
Surgical technique
A single surgeon performed the surgical procedures, which involved distal resection. Monopolar resection was conducted in most cases, while in very few cases, bipolar resection or muscle lengthening was conducted. A skin incision was made transversely 1 to 2 cm above the clavicle of the affected side. After protecting the external jugular vein, the adjacent fascia and soft tissue were resected. The clavicular head and sternal head of the SCM were exposed, and an approximately 2-cm bulky specimen of the SCM including the fibrotic band was removed (Figs. 1, 2). If the patient had any limitations in neck range of motion (ROM), the deep fascia and remaining contracted soft tissue were removed at the same time [9] . Acellular dermal matrix was implanted to prevent scar contracture in patients with recurrent CMT or in whom wide resection was conducted due to severe fibrous changes [9, 10] . A closed suction drain was inserted, and the wound was stitched closed using 5-0 polydioxanone monofilament absorbable suture (PDS; Ethicon, Cornelia, GA, USA) for the subcutaneous and dermis layers; Steri-Strips (Nexcare; 3M, Maplewood, MN, USA) were applied for skin approximation. We changed the wound dressing daily and examined the wound to identify signs of infection, hematoma formation, or any other postoperative complications. When the drainage volume was < 10 mL/day, the drain was removed. After the surgi- cal procedure, the patients wore a neck collar for 3 weeks and performed stretching exercises for 6 months.
RESULTS
We reviewed a total of 584 patients, of whom 525 were included in this study, while 59 patients with insufficient available information were excluded.
Demographic characteristics
Of the 525 patients, 303 were male and 222 were female. One patient (0.2%) was a multiplet. With respect to birth order, 453 patients (86.3%) were the first child, 62 (11.8%) were the second child, and 10 (1.9%) were the third or later child.
Pregnancy-and birth-related issues
Before birth, 31 patients (5.9%) had been diagnosed with oligohydramnios. With respect to presentation of the fetus, 437 patients (83.2%) had a vertex presentation, 87 patients (16.6%) had a breech presentation, and one patient (0.2%) had a transverse presentation. In terms of the type of delivery, a normal spontaneous vaginal delivery occurred for 320 patients (61.0%), labor was induced in 39 patients (7.4%), forceps delivery and vacuum extraction were performed in 32 patients (6.1%), and cesarean delivery occurred in 134 patients (25.5%) ( Table 1) . Among the 87 patients in the breech position, 83 underwent a cesarean delivery due to breech presentation. Ninety-seven pa-tients (18.3%) were delivered with dystocia. The average gestational age was 39.3 weeks (range, 33-42 weeks); preterm birth at < 37 weeks occurred in 13 patients (2.5%) and post-term birth at > 42 weeks occurred in five patients (1.0%). Patients' birth weight ranged from 1,840 to 4,500 g, and the average birth weight was 3,253.8 g. Four hundred and ninety-five patients (94.3%) were normal birth weight infant ( Table 2) . With respect to birth-related issues, meconium aspiration syndrome occurred in eight patients, neonatal asphyxia in eight patients, neonatal jaundice in seven patients, clavicle fracture in seven patients, cephalohematoma in two patients, and neonatal seizure in one patient (Table 3) . (Table 4 ). At the time of diagnosis, 424 patients (80.8%) had a bulky specimen, and 101 had no bulky specimen or did not know whether they had a bulky specimen. The surgical operations were performed from age 0 to 41 years (average age, 4.4 years). The number and proportion of patients in each age group are shown in Table 5 .
In 51% of patients, the duration from diagnosis to surgery was < 1 year. Before surgery, 397 patients underwent physiotherapy and 128 patients did not. The duration of physiotherapy ranged from 1 to 50 months (average, 6 months) ( Table 6 ).
DISCUSSION
CMT is defined as unilateral shortening or contracture of the SCM caused by fibrosis of unknown cause in newborn infants or young children. The shortening of the SCM on the involved side results in an ipsilateral head tilt and contralateral rotation of the chin. This limits head mobility in both rotation toward the affected side and lateral flexion toward the other side. Although several theoretical proposals have been made, uncertainties re-main regarding the actual etiology of CMT [11] . Many studies have been performed to identify the causes of CMT. An abnormal fetal presentation and resultant birth trauma were initially considered to be the cause of CMT. Abnormal presentations include breech presentation and transverse lie presentation. Breech presentation is characterized by entrance of the fetus's buttock or feet into the pelvis. Transverse lie presentation is characterized by orientation of the fetal shoulder towards the maternal pelvis. Birth trauma was historically believed to result in hematoma formation in the SCM, leading to fibrous contracture of the muscle [12] . However, this theory does not explain the occurrence of CMT after cesarean sections [4, 13] . Later suggestions include hereditary factors, neurogenic disorders, infection, and sequelae of intrauterine or perinatal compartment syndrome [5, 11] . However, these hypotheses were [4] . Overall, the etiology of CMT remains unclear.
To the best of our knowledge, the actual incidence of oligohydramnios, abnormal fetal presentation, and birth-related injury has not been established. The reported rates of oligohydramnios in the general population are influenced by inconsistencies in diagnostic criteria, the population analyzed, the threshold used, and the gestational age at the time of the ultrasound examination [14] . One study reported that oligohydramnios (defined as an amniotic fluid index of ≤ 5 cm) occurs in about 1%-5% of pregnancies at term [14] . In our study group, oligohydramnios was noted in 5.9% of patients. Considering the incidence of oligohydramnios in the general population, the incidence of oligohydramnios among the patients with CMT in our study was rather high. Reported rates of abnormal fetal presentation are also influenced by variations in the population studied and the gestational age at the time of the ultrasound examination. Generally, 3%-4% of fetuses are breech at term, and approximately 1 in 300 fetuses has a transverse presentation at delivery [15] [16] [17] [18] . The rates of abnormal fetal presentations in our study group were 16.6% for a breech presentation and 0.2% for a transverse presentation, which are markedly higher than the reported rates in the general population. The overall incidence of birth injuries is roughly 2.0% and 1.1% in singleton vaginal deliveries of fetuses in a cephalic position and in cesarean deliveries, respectively [19, 20] . In the present study, clavicle fractures and cephalohematomas were reported in 1.3% and 0.4% of patients, respectively. Based on data obtained from large case series, the incidence of clavicle fractures due to birth trauma ranges from 0.5% to 1.6% [21] [22] [23] . Cephalohematoma is estimated to occur in 1%-2% of all deliveries [19] . Although some limitations prevent a direct comparison of the reported incidence in this study with that in the general population, we can suggest that the incidence of several factors potentially associated with torticollis during the past few decades was not particularly high (e.g., oligohydramnios and birth injury). However, 16.6% of the patients with CMT were in the breech position; this is a much higher rate than that observed in the general population (3%-4%). Therefore, we can hypothesize that the breech position seems to exert a significant influence on shortening and fibrosis of the SCM.
Furthermore, in some cases, patients who were not reported to have experienced birth trauma had bony hypertrophy or severe tissue adhesion, which is usually seen on the fracture site of clavicle after healing. It is possible that those patients might have experienced birth trauma, such as clavicle fractures, but the parents were not aware of the birth trauma when we interviewed them. This consideration suggests that the incidence of birth trauma could have been underestimated, and this possibility should be investigated in further studies.
In our study, the bulky specimen, which patients' parents usually referred to as a "mass, " was seen in the form of an asymmetric marked thickening and internal low signal alteration on magnetic resonance imaging. Fibromatosis can also be confirmed by biopsy. Patients with CMT can benefit from a surgical intervention when a bulky specimen or fibrous band on the neck is palpated with the head tilted toward the affected side, shortening of the ipsilateral SCM is detected, or deficits are found in passive neck rotation or lateral flexion. Because age at the time of surgery is believed to be the most important factor influencing the outcome of surgery and complications of resistant CMT, surgical treatment is recommended at 1-4 years of age [24] . For various reasons, however, some patients with CMT do not undergo surgical treatment despite meeting the clinical criteria. In the present study, 66.0% of patients underwent a surgical intervention before the age of 4 years, 24.2% between the age of 5 and 10 years, 7.0% between the age of 11 and 20 years, and 2.9% after the age of 20 years. Additionally, surgical resection of the affected SCM is recommended when no response or improvement is seen after at least 6 months of physiotherapy [3, 7] . In our study, the average duration of preoperative rehabilitation was 6 months; however, some patients underwent surgery after more than 8 years of rehabilitation. There are many possible reasons for delayed surgery. The patient's guardian may refuse the invasive treatment, and the clinician or guardian may not be aware that a surgical intervention can be helpful if the patient's symptoms do not improve after at least 6 months of physiotherapy. After birth, if a guardian tries to tilt the baby's neck and a bulky specimen of the neck is suspected, the guardian usually starts by visiting the rehabilitation medicine department, and then physiotherapy is performed first if a diagnosis is made. Patients who initially had a bulky specimen or a difference of more than 20° at the initial visit to the plastic surgeon, rather than in their visit to the rehabilitation medicine department, proceeded to surgery without any physiotherapy because physiotherapy results in minimal improvements in such patients. The variation in the duration of physiotherapy reflects differences in when the rehabilitation department transfers the care of the patient to the plastic surgery department.
Our experience indicates that surgical treatment for neglected CMT effectively achieves a satisfactory ROM of the neck and improves secondary skeletal deformities, including spinal deformities. Our center previously reported favorable results in patients older than 8 years old with recurrent or neglected CMT who underwent conventional unipolar resection with or without acellular dermal matrix grafting [9] . Therefore, clinicians
should not hesitate to recommend surgical treatment for neglected CMT in older patients.
There are several limitations of this study. We directly compared the results of this study with data in the general population. Additionally, the results include several factors that may be influenced by the development and accessibility of the healthcare system. Because some patients' medical records were lacking, we had to obtain additional information by interviewing the patients or their guardians, which may have reduced the accuracy of the information. Additionally, we only investigated patients who had undergone surgery. Considering that 90% of patients are treated primarily through stretching exercises, the results of this study are not representative of all patients with CMT.
Although the exact etiology of CMT is still unknown, we identified the incidence of several possible causes of torticollis. The incidence of oligohydramnios and birth injury was not remarkably high. However, because fetal malpositioning, especially the breech position, can cause torticollis, more studies are needed on this cause-and-effect relationship based on ultrasound examinations of fetuses in the breech position. Whether the position of the tilted head of the fetus in utero is associated with the later occurrence of torticollis on the affected side also remains unclear. This study also revealed that many patients with CMT requiring a surgical intervention missed the optimal timing for surgery after a relatively long duration of rehabilitation. Clinicians and patients require more consultations and education about the treatment schedule of CMT.
NOTES
